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Abstract  
The paper deals with the issue of spatial visualization in instruction. It provides the basic characteristics of premises, goals, 
concepts and findings of the experiment in educational settings that focused on relations between the form of the presentation of 
subject matter (planar visualization and spatial visualization), spatial intelligence, or the ability of mental rotation and the results 
in the education of lower secondary school students (ISCED 2). The presumption was that the application of spatial visualization 
will lead to better results in the education of students with a lower spatial intelligence level. This was measured on the basis of 
their mental rotation ability. 
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1. Introduction  
The spatial visualization is an area that has recently experienced accelerated development as well as  
diversification from the perspective of technological solutions and applications. However, spatial visualization as 
a scientific concept is not fully acknowledged. In addition to classic technologies based predominantly on binocular 
parallax, there are emerging technologies based on holography, and even technologies based on direct spatial 
visualization or light field reproduction. Widely used technologies using monocular depth perception cues such as 
interposition, linear perspective or motion parallax cannot be seen as fully spatial. 
These technologies are often marked as 3D. But the term 3D cannot be simply seen as a synonym for spatial 
visualization. This term simply means that the technology takes into account three dimensions, therefore making it 
3D. The three dimensions do not necessarily convey the ability to express the location in space, therefore it does not 
necessarily mean spatial. E.g. when a computer game claims to be 3 dimensional, it is far from being spatial when 
viewed on an average display. Since the spatial depth is supported by monocular hints, these technologies are often 
marked as 2.5D and they represent the so called pseudo spatial visualization. (Furness, Winn and Yu, 1998). It is 
from observing either by just one or both eyes. It can be assumed that truly spatial visualization would only be such 
a visualization that evokes binocular disparity, which together with motion parallax maximizes the perception of 
depth (Sekuler and Blake, 2005, p. 221).   
In an attempt to more precisely classify the incorporation of spatial visualization means into the system, both 
technological and perceptual views should be taken into account. The perceptual characteristics should be 
considered as some of the most important aspects of the evaluation of spatial visualization means as it describes the 
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visualized model is. The perceptual characteristics are usually derived from the technological origin of the 
visualization and they are hence usually unchangeable for the given technology, or the possibility of change is quite 
limited.  
From the perception perspective, spatial visualization means can be divided by using three perceptual axes. The 
first axis shows the number of subjects that can view the visualization. As for the number of viewers, there are two 
main possibilities of observation of spatial visualization, monoscopic (set for one viewer) or polyscopic (set for 
more viewers). If there are more viewers experiencing the spatial visualization at the same time, the perception is 
highly influenced by the ability of the visualization to mediate the active motive parallax.  
The second axis shows the ability of the visualization to adjust to the change of physical location of the viewer in 
relation to the visualization by inducing the motion parallax. The motion parallax is, beside the binocular disparity, 
the second strongest cue in depth-perception (Rogers and Graham, 1982). This is very important for bringing the 
visualization closer to the real experience. We may also distinguish technologies supporting only passive parallax 
and active parallax (parallax emerging by changing the location of the viewer while the viewer perceives the change 
of the view point towards the model).  
The third axis shows the form of visualization and reflects the subjective perception of visualization. The form 
can be convex, planar or concave. From the subjective perception of the scale of visualization, there are two 



















Figure 1 Axes of perceptual characteristics of spatial visualization  
 
Depending on the kind of applied technologies and the pertinent application area, there is a wide range of various 
tools of spatial visualization for the visualization of both particular real world objects, as well as various virtual 
objects, complex virtual worlds or notion or data structures. Spatial visualization is also gradually finding its way 
into the area of education, so far primarily as an experiment, and presumably it may soon replace some teaching 
aids, or overcome them and thereby significantly contribute to a higher quality of education. It may be assumed that 
spatial visualization has certain perception and didactical specifics that influence the quality of the process of 
receiving educational contents, its processing and induced cognitive processes, and above all the processes of mental 
representation and creating mental models in relations to spatial intelligence of the perceiving subject (Sternberg, 
2002). The above mentioned prem
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2. Problem fields and research goals  
The field of spatial visualization is rather unclearly defined and its notion, from the perspective of education 
science, is characterized by certain conceptual and terminological inconsistency. The research on the usage of 
spatial visualization in education usually focuses on particular aspects which do not represent the topic in its whole 
between spatial imagination and successfully learning certain subjects (Sorby, 2007).  
Some sources (Schnabel and Kvan, 2003) also show that the manner, by which mental representation of 
perceived reality is constructed, above all mental models, differs significantly in comparable groups of individuals, 
depending on whether planar or spatial models are used during the processes of creating such models representing 
the given object. Furthermore, there are surveys comparing the results of instruction, using either common or spatial 
visualization (Esparrachiari, 2005) and surveys on virtual reality or virtual learning environment (Roussou, 2000). 
The survey on spatial visualization and its application in education that this article is based on, intends to 
contribute to solving this issue from technology, cognitive psychology, and methodology viewpoints. An important 
part of the research was an empirical inquiry bound to the above mentioned goal. The inquiry was oriented on 
determining the impact of the application of spatial visualization in instruction on the results of learning as well as 
results or on their success at school. The assumption was also that the application of spatial visualization would lead 
to the improvement of students with a lower level of spatial intelligence, i.e. students that find it difficult to create an 
adequate mental model using planar visualization. The level of spatial intelligence was measured by a standardized 
test of mental rotations and the level of learning abilities by a didactic performance test. The hypothesis was that the 
students with a lower score on the test of mental rotations would perform better when spatial visualization is applied 
in the performance test than the students working with planar visualization. 
3. Empirical research 
The base method used in the research was the method of comparative experiment in educational settings. The 
experiment was organized in the form of pair selections at the given lower secondary (ISCED 2) school in 2011 and 
took place over two months. A group of 8th grade students (32 students, 20 boys and 12 girls) aged 14-15 were 
investigated. The students attended one class and during the experiment were divided into two comparable groups, 
wherein the instruction took place separately, but with the same teacher. The experiment was organized in three 
phases. 
Table 1. Final test results (A = arithmetic mean, RS = rank sum, N = number of samples) 
 
In the first (preparatory) phase the steps necessary for the creation of the experimental group (E-Group) and 
control group (C-Group) took place. The creation of the experimental group was based on a random selection from 
equivalent pairs of subjects to eliminate the differences and equalize the characteristics of individuals in the groups. 
 MRT (SILC, 2008). The students were 
also presented with a spatial imagination Santa Barbara Solids Test SBST (SILC, 2008). School results in the last 2 
years based on school reports were also evaluated. There were no gender differences in the results of tests MRT 
(AM=13. 1, AF = 12.1) and SBST, nor in the learning results. 
 
 AT1 RST1 NT1 AT2 RST2 NT2 AT3 RST3 NT3 
E-HIMRT 11.8 69.0 8 17.3 63.0 8 11.4 69.5 8 
C-HIMRT 12.8 67.0 8 18.3 73.0 8 11.1 66.5 8 
E-LOMRT 6.8 87.0 8 11.0 84.0 8 12.4 95.0 8 
C-LOMRT 3.5 49.0 8 8.4 52.0 8 3.9 41.0 8 
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In the preparatory phase it was proven, as expected, that there is a positive correlation between the results in 
mathematics and the ability of mental rotations (Cor = 0.69, p = 0.05). 
     The experiment took place within the teaching of mathematics. The topic taught during the experiment was 
solid geometry. During the experiment, both the experimental and control groups underwent 10 lessons (10 x 45 
minutes). The lessons took place in the same classroom (one group followed by the other). The classroom was 
equipped with a whiteboard and an interactive board with a digital projector. The lessons were observed by the 
researcher and records were made of the process as well as incident notes. The records show that the structure of the 
lessons was in both cases identical. The only difference was the use of spatial visualization (anaglyph) in the 
experiment group. In the control group the perspective or isometric visualization was used instead. Spatial 
visualization methods were used for 170 minutes (38 percent of the whole time) during the teaching of the 
experimental group. No solid models were used. 
After the experiment the students of both groups, experimental and control, were given three performance tests 
(T1, T2, T3). Tests T1 and T3 were constructed out of the common examples from everyday instruction. The test T2 
was designed by the authors of the research emphasizing spatial imagination. 
The students of both groups were divided into two subgroups. Subgroup HIMRT consisted of students that scored 
on MRT higher than average in the observed class. The subgroup LOMRT was made up of those scoring below 
average. The differences between the groups were tested on the basis of the Mann-Whitney U-Test. 
In the given experiment, the students of the experimental group within subgroup LOMRT always scored better 
than the control group. In two cases the difference was statistically significant. On the T1 test at the level p = 0.05 
and in the T3 test at p = 0.01. In the subgroup HIMRT the differences in the result of the experiment were 
statistically insignificant with the application of criteria at the level of p = 0.05. So it may be stated that spatial 
visualization has a positive influence on students with a lower level of mental rotation ability. 
 
 
Figure 2. (a) Cummulative distribution T1 (b) Cummulative distribution T3 
 
In the T2 test the scores of both groups, experimental and control, were similar (p = 0.05). This fact may be 
explained by the character of the assignments that were focused on the use of spatial intelligence not intentionally 
affected by the experiment. The results of both groups prove this assumption due to their equal composition. 
4. Conclusion 
The empirical inquiry with its assumptions, process and main outcomes characterized in this article was focused 
on the research of the correlation between the form of the presentation of subject matter during instruction (planar 
and spatial visualization), ability of mental rotation of students, their school results, or school success. The 
researchers assumed that the level of spatial intelligence investigated by the test of mental rotations influences in 
relevant cases the results of learning and particularly students with lower ability of mental rotations, the presentation 
of subject matter by spatial visualization would lead to better understanding and acceptance. 
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The results of the experiment cannot be generalized. It should be understood as a pilot project with the qualities 
of a case study and with results valid only in the limited group. Nevertheless it was proven that the students of 
LOMRT, i.e. students with a lower ability of mental rotations, that used spatial visualization during instruction 
scored better on tests than their counterparts using planar visualization. So the tested hypotheses were proven. It was 
also proven that the students of the HIMRT group i.e. a subset of subjects with a higher ability of mental rotations, 
were not affected by the spatial visualization in terms of test scores, not even in a negative way. 
The results above show that the application of spatial visualization in instruction that demands certain spatial 
intelligence is effective especially in regards to those students that have this ability developed on a lower scale. The 
ability of mental rotations may be understood as a part of spatial intelligence that has a direct link to the 
effectiveness of the application of visualization in the learning process. Within the application of planar 
visualization it supports the formation of the mental model and the manipulation of it. Within the application of 
spatial visualization the ability of mental rotations is involved in the process of creating a mental model to a much 
lesser degree. It also shows that spatial visualization supports the creation of adequate mental models during 
instruction that demands certain spatial intelligence. So the students with a lower level of spatial intelligence, or 
with a lower mental rotation ability, profit from spatial visualization more than those with a higher level of this 
quality.  
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